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This invention relates to electronic gaging apparatus 
capable of measuring dimensions with a high degree of 
accuracy. 

In many phases of industry Where precision manufac‘ 
turing is involved‘there is great need for a rugged portable 
gage that is capable of measuring part sizes over a con 
siderable range with great accuracy. The usual need 
is for measurment of departures from a nominal size for 
tolerance and control purposes, either during or after 
production. ' 

In industrial gaging applications, it is important that 
the gaging apparatus be capable of speedy and accurate 
zero adjustment to nominal part size. It is also desirable 
to have two or more range scales available, for coarse 
and ?ne readings. Furthermore, it is important that 
the nominal zero adjustment as well as the overall calibra 
tion remain stable. 
To promote Widespread use, it is highly desirable to 

satisfy these criteria in an instrument that is small, light 
weight and self-powered, so that it can be taken to the 
job and placed in use with maximum convenience. It 
has been found that transistors, when employed in suit 
able circuits in accordance with the invention, are highly 
satisfactory for the purpose. I 

‘It is accordingly a primary purpose of the present in 
vention to provide a compact portable transistorized gage 
which has high measuring accuracy and sensitivity, along 
with excellent calibration stability and long battery life. 

In accordance with an embodiment of thisinvention, 
the A.-C. output of a stable transistor oscillator is sup 
plied to the primary winding of :a variable differential 
transformer gage head, and the A.-C. voltage induced in 
the transformer secondary windings is ampli?ed by a 
stable transistor ampli?er of selectable gain, recti?ed or 
detected, and applied to an indicator device. Unique cir 
cuitry is provided to afford simple instrument calibra 
tion, zero adjustment and range or sensitivity selection, 
with minimum power consumption and a high degree 
of gain or measurement stability and linearity. 

In accordance with one aspect of this invention‘ the 
primary winding of a variable di?erential transformer is 
tuned and used as the primary frequency-determining 
element in an ef?cient transistor oscillator. Advan 
tageously, the tuned primary is connected between the 
collector terminals of a pair of cross-coupled transistors. 
This oscillator has excellent ‘frequency and temperature 
stability, employs relatively few components and is 
economical in power consumption, thus making it well 
suited for portable service. 

In accordance with another aspect of the invention, 
gage calibration is effected by adjustment of a variable 
resistance in series with the vvoltage supply for the transis 
tor oscillator. The variable resistance functions as a cur 
rent limiting means for the transistor oscillator and 
causes the oscillator output voltage to vary inversely with 
the resistance value used. This provides an effective 
means for calibrating thev gage, without unnecessary 
power consumption; ' 

In accordance with a further aspect of this invention, 
zero-adjustment means is provided including an adjust 
able potentiometer coupled to the oscillator transistor 
emitters, thereby providing an A.-C. voltage of relatively 
low amplitude and low source impedance. The zero 
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in amplitude and 'of selectable opposite phase and is added 
to the voltage induced in the variable differential trans 
former secondary. A'convenient means is thereby pro 
vided' for adjusting the calibrated gage meter to a nominal 
zero reading. 

‘As a further ‘feature of this invention a unique ad 
justable-gain transistor ampli?er is provided to amplify 
the voltage ‘developed across the differential transformer 
output winding (combined with the zero-adjustment volt 
age, if any). Gain of the ampli?er, and hence gage 
range or sensitivity, is changed by simultaneously vary 
ing the negative feedback factor [3 (beta) and the open 
loop gain ,u. (mu) in such a manner as to maintain the 
product at? essentially constant; The ampli?er is well 
suited for portable service since it exhibits excellent gain 
stability and linearity over a wide range of input signal 
levels and at the‘ same time is economical with respec 
to battery currentidrain. , " 

The invention will be further described in connection 
with the accompanying drawings ‘which show a preferred 
embodiment thereof. ' 

In the drawings: ‘ ' 

(FIG. 1 is a‘ view of a gage head in contact with a 
part to be measured; and ‘ 
FIG. 2 isja schematic diagram of a gage unit in accord 

ance with the invention. 
_ Referring ‘to FIG. 1, as speci?cally shown the’ gage 
head 10 comprises a housing 11 containing a variable 
vditferential transformer having a movable coupling core 
attached to a plungervrod 12. The plunger rod is mov 
able longitudinallyof the housing 11, and a rounded 
gage tip 13 is attached to the end thereof and is shown 
in contact with a ?at surface of a part 14 to be gaged. 
Other structures for causing the differential transformer 
to vary with part size may be employed if desired. 

Referring to FIG. 2, the variable differential trans~ 
former contained within the gage head of FIG. 1 is 
shown as comprising a primary coil 20 and a pair of 
secondary coils 2.1 and ‘21’ connected in opposition. ' The 
movable core 22 is connected to plunger rod 12 of FIG. 
1. When the core 22‘ is in its central or null position, 
an alternating current in the primary 20 will induce equal 
voltages in the symmetrically disposed secondary coils 
21, 21’, and since they are connected in opposition, the 
resultant output voltage. will be a minimum (ideally 
zero). . t 

_ When the core 22 is displaced from its'central or nullv 
position- by the surface to be measured, a net A.-C. out: 
put signal will be induced in the secondaries theiamplis 
tude of which will vary proportionally with displacement 
from the null position. Since the‘ secondaries 21, 21,’,are 
connected in opposition, the phase of the output voltage" 
isropposite on opposite sides of the null position, pro 
viding thereby anindication corresponding to direction of 
displacement. Variable differential transformers are well 
known in the art and need not be described in further 

, detail. 
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. An oscillator 23 is provided to energize the variable 
differential transformer substantially sinusoidally. This 
oscillator includes transistors 24' ‘and 25 with cross-cou 
pling between the opposite‘ collectors and bases, and suit 

~ . able biasing means. As speci?cally shown, resistors26, 

65 

- like manner collector 30 of transistor 25 is coupled to ' v. 
base 31 of transistor 24 by capacitor. 28'. This cross; 1 
coupling provides regenerative feedback to sustain osci-li 1" 

Emitters 33 and 34 of the transistors ai‘elre» ' = 
70 

correction voltage provided by said means is adjustable _ 

27 and 26', 27’ are connected as voltage dividers between ‘ 
B~— voltage and ground and provide base bias yoltages 
for‘ the transistors. Collector 29 of transistor 24 is cou 
pled to base 32'of, transistor 25 by capacitor 28, and in 

lations. 
turned to ground through resistors 35 and 35’, resp'eo , .7 
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tively, which provide negative feedback and help to sta 
bilize the oscillator. 

The primary winding 20 of the variable differential 
transformer is connected between collectors 29 and 30,’ 
and is tuned by a shunt capacitor 40. As will be de 
scribed more fully hereinafter, this tuned circuit is the 
primary factor in determining the frequency of oscil 
lation. 

This oscillator has been found highly satisfactory in 
practice, being stable in both frequency and amplitude 
and giving adequate output with low battery consumption. 
Primary winding 37 of a detector driving transformer 

36 is also connected between the oscillator collectors. 
Advantageously the impedance of primary 37 is large 
compared to that of primary 20 of the differential trans 
former. B— voltage is supplied to the collectors 29, 30 
of the transistors via the center-tap 37’ of primary 37 
from battery 38, the positive terminal of which is 
grounded. 

In series with the battery supply to the center-tap 37' 
is a variable resistor 39 which is provided for gage cali 
bration purposes. This resistor limits the current in the 
transistors 24, 25 and causes the oscillator output voltage 
,to vary as an inverse function of the resistance as the 
control is adjusted. 

It will be noted that if the tuned circuit 20, 40 is re 
moved, the oscillator con?guration is like a symmetrical 
astable multivibrator. Such an oscillator gives a gen 
erally square-wave output, usually with transient over 
shoots, and the frequency and amplitude varies with the 
time constants of the cross-coupling circuits, the B supply 
voltage, etc. By varying the calibration resistor 39, the 
frequency can be varied over a wide range. For exam 
ple, in one embodiment a variation from a few hundred 
cycles to about ten kilocycles per second was obtained. 

'In the same embodiment, with the tuned circuit 20, 40 
reconnected, stable substantially sinusoidal oscillations 
were obtained at a frequency of about 25 kc. and the 
frequency was substantially unaffected when thecalibra 
tion resistor 39 was varied. 
The oscillator frequency may be selected to meet the 

requirements of the particular application, and the differ 
ential transformer primary tuned accordingly. With the 
tuned circuit removed, the frequency of oscillation as a 
multivibrator is preferably well below the selected op 
erating frequency. 

Potentiometer 41 is provided as a “zero-adjust” con 
trol for the gage. Operationally this control may be ad 
justed to establish an initial zero meter reading to corre 
spond to a desired nominal part size or, in general, to 
obtain a desired meter reading for a given position of 

‘ the differential transformer core 22. 
As shown in FIG. 2, the potentiometer is connected 

between the emitters 33 and 34 of the oscillator tran 
sistors, and the slider arm is connected through resistor 
42 and capacitor 43 to a small coupling or adding resistor 
44 which is shown connected between secondary coil 21' 
and ground. Thus adjustable portions of the A.-C. volt 
ages developed across the emitter resistors 35 and 35" 
are connected in parallel across resistor 44, and the re~ 
sultant added as a correction voltage in series with the 
output voltage developed across the secondary windings 
of the ditferential transformer. Advantageously the re 
sistance of potentiometer 41 is considerably higher than 
that of resistors 35, 35' to avoid undue loading. 

Normally, to obtain e?icient operation, the oscillator 
parameters will be selected so that the transistors conduct 
primarily on alternate half-cycles. Thus, each transistor 
will contribute a voltage component across resistor 44 
resembling that of a half-wave recti?er. The peaks of 
the combined components from the two transistors will 
recur at double the frequency of the sinusoidal voltage 
across the differential transformer primary. 
With the slider of potentiometer 41 set at midscale, 

the peaks of the two components are of equal amplitude 
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and there is substantially no resultant voltage of funda 
mental frequency across resistor 44. However, when 
the slider is adjusted to one side of midscale, the peaks 
of one component will become larger or smaller than 
those of the other, depending on the direction of adjust 
ment. Thus the resultant voltage across resistor 44 has 
a fundamental frequency component which is adjustable’ 
in amplitude and of opposite phase on opposite sides of 
the midscale null point. 

Filter means is then provided to eliminate harmonics 
and make effective substantially only the fundamental 
frequency component of the zero-adjust voltage. Advan 
tageously the secondary 21, 21’ of the differential trans 
former is tuned for this purpose by capacitor 45, so as 
to resonate at or near the operating frequency. In one 
particular embodiment, the capacitor 45 was selected to 
resonate with secondary 21, 21' somewhat below the 
operating frequency, thereby providing some capacitive 
reactance for phase shift correction in the signal supplied 
to the detector. 
For proper operation of the Zero adjust circuit, it is 

desirable that the fundamental frequency component of 
the voltage across resistor 44 be exactly in-phase or out 
of-phase with the signal voltage output of the differential 
transformer, depending on the adjustment of potentiom 
eter 41. The value of capacitor 43 may be selected with 
respect to the other components to provide any required 
phase shift. 
The output voltage of the differential transformer, 

with the “zero-adjust” voltage added thereto, is supplied 
to a high gain transistor ampli?er 46. The gain of this 
ampli?er is made selectably adjustable in order to pro 
vide a gage range or sensitivity control. 
The ?rst two stages of ampli?er 46, including transis 

tors 47 and 48, are connected as grounded-emitter ampli 
?ers While the third stage, including transistor 49, is con 
nected as a grounded-collector ampli?er. Each stage 
has individual negative feedback through the resistors 
connected ‘between respective emitters and ground. 

Overall negative feedback is provided from output to 
input of the ampli?er through ‘a switch which changes 
the amount of feedback and also the open loop gain of 
the ampli?er. 
As shown, the output of the ampli?er at emitter 50 is 

fed back through line 51, selectable branches including 
capacitors 52, 53, and the switch 54A to the emitter 55 
of the input stage. Resistors 56 and 57 are in shunt With 
respective branches, and the junctions between the re 
sistors and capacitors are connected to contacts of switch 
54A. Thus switching from contacts 1, 2 to contacts 3, 4 
changes the overall feedback depending on the values 
of resistors 56, 57 and capacitors 52, 53. 

It will be noted that resistors 56, 57 are selectively 
inserted in the emitter circuit of transistor 47 by the 
switch. Thus the effective gain of this transistor stage 
is changed through emitter current feedback, thereby 

‘ changing the opentloop gain of the ampli?er at the same 
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time the overall negative feedback is changed. 
The overall gain of a feedback ampli?er may be ex 

pressed by the following general equation: 

- 1 (MB) 
Overall a1n=-— ————-— 

g [3 u-ttm 

where 13 (beta) is’ the negative feedback factor and a 
(mu) is the open loop gain of the ampli?er. 
Generally speaking, it can be said that increasing the 

resistance value of 56 or 57 will increase the current 
feedback in transistor 47, reduce the effective gain of 
that stage, and hence reduce the mu (a) of the ovcral 
ampli?er. On the other hand, this same increase in re 
sistance will result in an increase in the ,8 factor for the 
ampli?er. Changing the values of capacitors 52, 53 per 
mits changing the 5 factor without markedly changing n. 
Thus a considerable range of values for [L and ,9 are pos 
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'sible with proper selection of resistors'56, '57 and ca 
pacitor-s 52, 53. 

In accordance with the teachings of this invention, re 
sistors 56, 5‘7 and capacitors 52, 53 are selected so as to 
maintain the ,u? product approximately constant, in the 
two positions of switch 54A, while at the‘ same time 
changing B by the amount required for the desired change 
in range (say, 10:1). in this manner the gain is changed 
‘While preserving stability, since the stability criterion M8 
remains approximately constant. 
The combined use of emitter current feedback in each 

transistor along with the overall negative feedback de 
scribed above affords excellent ampli?er gain stability 
and linearity over the entire operating range. 
The output of ampli?er 46 is supplied to a detector 

which converts the A.-C. signal into a correspondingly 
varying D.-C. signal. Detector 58,, as shown in the draw 
ing, includes a pair of circuits each having a pair of 
substantially unilaterally conductive devices, advanta 
geously crystal diodes, connected in series. One circuit 
includes diodes 59, 59' and the other diodes 6t), 60'. 
The two circuits are fed in parallel ‘from oscillator 23 
through the secondary 62 of transformer 36, thus provid 
ing a reference or switching voltage. Matched resistors 
61 are connected in series with the diodes to effect an 
improved transformer load impedance match and also to 
minimize differences in the diode forward resistances. 
The ampli?er signal output is supplied to the detector 

through capacitor 63, conductor 66 and the center-‘tap of 
secondary winding 62. This voltage is added in series 
to the balanced switching voltage supplied to the detector 
by the oscillator. The amplitude of the switching volt 
age preferably is su?‘iciently high so that diodes 59, 5%’ 
become strongly conducting during one-half of ‘the cycle, 
and diodes as, 6t?’ become strongly conducting during 
the other half. 

Advantageously, the signal voltage is exactly in-phase 
or out-of-phase with the switching voltage when the dif 
ferential transformer is outside its null region, and de 
pending on the direction of displacement of core 22. 
Suitable phase correction may be eifected in the ampli 
?er if required. The phase shift previously described in 
connection with the tuning of the differential transformer 
secondary Iby capacitor 4:15 is for this purpose. 
The D.—C. output of the detector is developed between 

points 67 and 63 which are between the diodes in re 
spective circuits. Point 67 is direct connected to a ?xed 
reference potential, here shown as ground. Capacitor 
64 is connected between point 63 and a ?xed reference 
potential, also shown as ground. 

In operation, diodes 59, 59’ develop a positive or a 
negative voltage across capacitor 63 depending upon the 
magnitude and phase of the A.-C. signal to ‘be measured 
during the given half-cycle. This voltage is added in 
series to the signal supplied to the detector by the am 
pli?er during the following half-cycle, and diodes 60, 60' 
conducting on the following half-cycle develop a D.-C. 
voltage across capacitor st to ground that varies with 
the peak-to-peak voltage of the A.-C. signal. 
The polarity of the voltage developed across capaci 

tor 64 is either positive or negative depending upon the 
phase of the voltage developed across the differential 
transformer secondary combined with the “zero-adjus ” 
voltage. The magnitude of the D.-C. voltage developed 
by the detector is proportional to the peak-to-peak A.-C. 
voltage developed across the differential transformer sec 
ondary, combined with the “zero-adjust” voltage. In 
the null region of the differential transformer,’ Where the 
phase changes, the magnitude of the detector output volt 
age also varies as a function of the signal voltage phase 
angle, thereby correcting for non-ideal characteristics of 
the differential transformer. 
The detector described herein is similar to that de 

scribed in copending application Serial No. 614,931, ?led 
October 9, 1956, by Torn and Philbimnow U-.S. Patent 
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6. 
2,932,134, where the performance and advantages are, 
more fully developed. The speci?c arrangement here 
shown is an improvement thereover. ' » > 

Meter 65 is provided to measure the DC. output volt 
age of the detector, and is preferably of the zero-center 
type. As shown, the meter is connectable between points 
67, 68 through switch section 54B. The arm of switch 
section 54B ‘is ganged wit hthe arms of switch sections 
54A and 54C. Position 1 is the “off” position, ground 
ing meter 65 and opening the battery circuit. Positions 
2 and 3 ‘are different gage range positions corresponding 
to the different gains provided by ‘ampli?er 46. In posi 
tion 4 the meter reads the battery "oltage, as a convenient 
means for checking the battery condition. 

Meter 65 is ‘advantageously calibrated in decimal parts 
of an inch and two scales, or one scale with a multiplying 
factor, employed for the two sensitivity ranges. In, ini 
tial operation, calibration resistor 39 may be adjusted 
until the meter scale readings correspond accurately with 
displacement of the core 22 of the ‘differential transformer. 
This adjustment can. conveniently be effected by placing 
the gage head on a suitable part as indicated in FIG. '1. 
A stand can be employed to'hold the gage head in posi~ 
tion and the head adjusted until the meter 65 reads on 
scale. Then, a shim of known thickness may be inserted 
between the probe tip 13 and par-t 14 and the change in 
meter reading noted. Resistor 39 is then adjusted until 
the change in the meter reading corresponds accurately 
‘with the known shim‘ dimension. With suitable design 
of the’ ampli?er and a satisfactorily linear differential 
transformer, linear operation of the meter over both 
ranges may be obtained. This linearity may be checked 
by employing shims of different thickness. 
The meter may be used for many different purposes 

in practice. As an example, it may be used to determine 
departures from desired nominal part size. For such pur~ 
poses the gage head .‘ltlv may be supported in a suitable 
stand, caliper, etc. and a master part placed in position 
for measurement. Mechanical adjustments may be em 
ployed to displace the gage head until meter 65 reads 
on scale, and preferably near zero. Potentiometer 411 
may then be adjusted until the meter reads exactly zero. 
For greatest accuracy, this operation is performed with 
the meter in its most sensitive range. Thereafter, the 
meter will read departures of different parts from nominal 
size. 

If a‘ master part is not available for zero adjustment, 
a part of known size may be employed and the potenti 
ometer 41 adjusted until the meter reads the dilference 
between the known‘ part size and the desired nominal 
size. Thereafter meter readings willv correspond to de 
partures, of parts from the desired'nominal size. ' 

The. invention has been described in connection with 
a speci?c embodiment thereof. While speci?c detailed 
circuits have been shown for completeness of'disclosurc, 
it will be understood that many modi?cations may be 
madetherein Within the spirit and scope. of the invention. 
Also, while PNP transistors are used in the circuits as 
shown, equivalent NPN types can be employed if desired; 
Although a zero-center meter has been shown as an in 
dicator device, the detector output voltage may be used 
to control relay circuits, recording. instruments and other 
Well-known indicating devices. If desired, one or more 
features of the invention maybe employed while. omitting 
others. 
We claim: 
1. Gaging-apparatus which comprises a gage head con 

taining a variable differential transformer having primary 
and secondary windings and movable means for'varying 
the couplingtherebetween in accordance with a part being 
gaged, said differential transformer upon energization 
yielding an A.-C. output signal varying in amplitude with y . . ' 
departure from the null position of said movable means, 
a pair of transistors each having a base, an emitter and 
a collector, the primary of said-v diiferential transformer 
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being connected between the collectors of said transistors, 
a power source connected to supply operating voltage be 
tween emitters and collectors of respective transistors, a 
pair of impedances connected between respective emitters 
and one terminal of said power source, means for biasing 
the bases of said transistors, cross-coupling circuits con 
nected between the collectors and opposite bases of said 
transistors respectively, means for tuning the primary of 
said differential transformer to produce oscillations at a 
desired oscillation frequency, said tuned primary being 
the primary frequency-determing circuit for said oscilla 
tions, an ampli?er for amplifying the output signal of said 
differential transformer, a detector supplied with the out 
put signal from said ampli?er and adapted to yield a cor 
respondingly varying D.-C. output signal, and indicating 
means connected to the output of said detector.» 

2. Gaging apparatus which comprises a gage head con 
taining a variable differential transformer having primary 
and secondary windings and movable means for varying 
the coupling therebetween in accordance with a part being 
gaged, said differential transformer upon energization 
yielding an A.-C. output signal varying in amplitude with 
departure from the null position of said movable means, 
a pair of transistors each having a base, an emitter and 
a collector, the primary of said differential transformer 
being connected between the collectors of said transistors, 
a power source connected to supply operating voltage be 
tween emitters and collectors of respective transistors, a 
pair of resistances connected between respective emitters 
and one terminal of said power source, means for biasing 
the bases of said transistors, cross-coupling capacitors 
connected between the collectors and opposite bases of 
said transistors respectively, capacitive means for tuning 
the primary of said differential transformer to produce 
substantially sinusoidal oscillations at a desired oscillation 
frequency, said tuned primary being the primary fre 
quency-determining circuit for said oscillations, an ampli 
?er for amplifying the output signal of said differential 
transformer, a detector supplied with the output signal 
from said ampli?er and adapted to yield a correspond 
ingly varying D.-C, output signal, and indicating means 
connected to the output of said detector. 

3. Gaging apparatus which comprises a gage head con 
taining a variable differential transformer having primary 
and secondary windings and movable means for varying 
the coupling therebetween in accordance with a part being 
gaged, said differential transformer upon energization 
yielding an A.-C. output signal varying in amplitude with 
departure from the null position of said movable means, 
a pair of transistors each having a base, an emitter and 
a collector, the primary of said differential transformer 
being connected between the collectors of said transistors, 
a power source connected to supply operating voltage be 
tween emitters and collectors of respective transistors, a 
pair of similar resistances connected between respective 
emitters and one terminal of said power source, biasing 
means including a pair of similar resistance voltage divider 
circuits connected across said power source with similar 
intermediate points thereof connected to respective bases 
of said transistors, cross-coupling capacitors connected 
between the collectors and opposite bases of said tran 
sistors respectively, capacitive means for tuning the 
primary of said differential transformer to produce sub 
stantially sinusoidal oscillations at a desired oscillation 
frequency, said tuned primary being the primary fre 
quency-determining circuit for said oscillations, an ampli 
?er for amplifying the output signal of said differential 
transformer, a detector supplied with the output signal 
from said ampli?er and adapted to yield a correspondingly 
varying D.-C. output signal, and indicating means con 
nected to the output of said detector. 

4. Gaging apparatus which comprises a gage head con 
taining a variable differential transformer having primary 
and secondary windings and movable means for varying 
the coupling therebetween in accordance with a part being 
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8 
gaged, said differential transformer upon energization 
yielding an A.-C. output signal varying in amplitude with 
departure from the nullposition of said movable means, 
a pair of transistors each having a base, an emitter and 
a collector, the primary of said differential transformer 
being connected between the collectors of said transistors, 
21 power source connected to supply operating voltage be 
tween emitters and collectors of respective transistors, a 
pair of impedances connected between respective emitters 
and one terminal of said power source, means for biasing 
the bases of said transistors, cross-coupling circuits con 
nected between the collectors and opposite bases of said 
transistors respectively, means for tuning the primary of 
said differential transformer to produce oscillations at a 
desired oscillation frequency, said tuned primary being 
the primary frequency-determining circuit for said oscilla 
tions, a variable resistance connected in series with said 
power source and the collectors of said transistors for 
altering the amplitude of said oscillations, an ampli?er for 
amplifying the output signal of said differential trans 
former, a detector supplied with the output signal from 
said ampli?er and adapted to yield a correspondingly 
varying D.-C. output signal, and indicating means con 
nected to the output of said detector, 

5. Gaging apparatus which comprises a gage head con 
taining a variable differential transformer having primary 
and secondary windings and movable means for varying 
the coupling therebetween in accordance with a part being 
gaged, said differential transformer upon energization 
yielding an A.-C. output signal varying in amplitude with 
departure from the null position of said movable means, a 
pair of transistors each having a base, an emitter and a 
collector, the primary of said differential transformer be 
ing connected between the collectors of said transistors, a 
power source connected to supply operating voltage be 
tween emitters and collectors of respective transistors, a 
pair of resistances connected ‘between respective emitters 
and one terminal of said power source, means for biasing 
the basm of said transistors, cross-coupling capacitors con 
nected between the collectors and opposite bases of said 
transistors respectively, capacitive means for tuning the 
primary of said differential transformer to produce sub 
stantially sinusoidal oscillations at a desired oscillation 
frequency, said tuned primary being the primary fre 
quency-determining circuit for said oscillations, a variable 
resistance connected in series with said power source and 
the collectors of said transistors for altering the ampli 
tude of said oscillations, an ampli?er for amplifying the 
output signal of said differential transformer, a detector 
supplied with the output signal from said ampli?er and 
adapted to yield a correspondingly varying D.-C. output 
signal, and indicating means connected to the output of 
said detector. 

6. Gaging apparatus which comprises a variable dif 
ferential transformer having primary and secondary wind 
ings and movable means for varying the coupling there 
between in accordance with a part being gaged, said dif 
ferential transformer upon energization yielding an A.-C. 
output signal varying in amplitude with departure from 
the null position of said movable means, a pair of transis 
tors each having a base, an emitter and a collector, the 
primary of said differential transformer being connected 
between the collectors of said transistors, a power source 
connected to supply operating voltage between emitters 
and collectors of respective transistors, a pair of imped 
ances connected between respective emitters and one 
terminal of said power source, means for biasing the bases 
of said transistors, cross-coupling circuits connected be 
tween the collectors and opposite bases of said transistors 
respectively, means for tuning the primary of said differ 
ential transformer to produce oscillations at a desired 
oscillation frequency, a potentiometer connected between 
the emitters of said transistors for obtaining an A.-C. 
correctional signal of adjustable amplitude, circuit means 
for combining said correction signal with the output 
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signal of said differential transformer, an ampli?er for 
amplifying said combined signals, a detector supplied 
with the output signal from said ampli?er and adapted 
to yield a correspondingly varying D.-C. output signal, 
and indicating means connected to the output of said 
detector. 

7. Gaging apparatus which comprises a variable dif 
ferential transformer having primary and secondary wind 
ings and movable means for varying the coupling there 
between in accordance with a part being gaged, said dif 
ferential transformer upon energization yielding an A.—C. , 
output signal varying in amplitude withdeparture from 
the null position of said movable means and of opposite 
phase on opposite sides of said null, a pair of transistors 
each having a base, an emitter and a collector, the primary 
of said differential transformer being connected between 
the collectors of said transistors, a power source connected 
to supply operating voltage between emitters and col 
lectors of respective transistors, a pair of resistances con 
nected between respective emitters and one terminal of 
said power source, means for biasing the bases of said 
transistors, cross-coupling capacitors connected between 
the collectors and opposite bases of said transistors re 
spectively, capacitive means for tuning the primary of 
said di?erential transformer to produce substantially 
sinusoidal oscillations at 1a desired oscillation frequency, a 
potentiometer connected between the emitters of said 
transistors for obtaining an A.-C. correction signal of ad 
justable amplitude and selectable opposite phase, circuit 
means for adding said correction signal to the output 
signal of the secondary of said differential transformer, 
means for tuning said secondary to resonate at a frequency 
near said oscillation frequency to thereby reject harmonics 
of said frequency in said correction signal, an ampli?er 
for amplifying said combined signals, a detector supplied 
with the output signal from said ampli?er and adapted to 
yield a correspondingly varying D.-C. output signal, and 
indicating means connected to the output of said detector. 

8. Gaging apparatus which comprises a variable differ 
ential transformer having primary and secondary wind 
ings and movable means for varying the coupling there 
between in accordance with a part being gaged, said 
differential transformer upon energization yielding an 
A.-C. output signal varying in amplitude with departure 
from the null position of said movable means and of op 
posite phase on opposite sides of said null, a pair of 
transistors each having a base, an emitter and a collector, 
the primary of said differential transformer being con 
nected between the collectors of said transistors, a power 
source connected to supply operating voltage between 
emitters and collectors of respective transistors, a pair of 
resistances connected between respective emitters and one 
terminal of said power source, means for biasing the bases 
of said transistors, cross-coupling capacitors connected 
between the collectors and opposite bases of said transis 
tors respectively, capacitive means for tuning the primary 
of said differential transformer to produce substantially 
sinusoidal oscillations at a desired oscillation frequency, 
said tuned primary being the primary frequency-determin 
ing circuit for said oscillations, a variable resistance con 
nected in series with said power source and the collectors 
of said transistors for altering the amplitude of said 
oscillations, at potentiometer connected between the emit 
ters of said transistors for obtaining an A.-C. correction 
signal of adjustable amplitude and selectable opposite 
phase, circuit means for adding said correction signal to 
the output signal of the secondary of said differential 
transformer, means for tuning said secondary to resonate 
at a frequency near said'oscillation frequency to thereby 
reject harmonics of said frequency in said correction 
signal, an ampli?er for amplifying said combined signals, 
a detector supplied with the output signal from said 
ampli?er and adapted to yield a correspondingly varying 
D.-C. output signal, and indicating means connected to 
the output of said detector. ' ' 
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10 
9. Gaging apparatus which comprises‘ a variable dif 

ferential transformer having primary and secondary wind‘ 
ings and movable means for varyinglthe coupling there? 
between in accordance with a part being gaged, means 
for energizing the primary of said differential transformer 
to yield an A.-C. output signal varying in amplitude with 
departure from the null position of said movable means, 
and ampli?er for amplifying said output signal having a 
plurality of transistor stages connected in cascade, a nega 
tive feedback circuit connected from the output of one 
of said stages to the emitter of a preceding stage through 
a multiple position range switch, said feedback circuit 
including a plurality of resistances in shunt thereto, said 
switch being connected between said emitter and said re 
sistances to selectively insert the resistances in the emitter 
circuit of said preceding stage to change the effective gain > 
thereof and simultaneously change the feedback through 
said feedback circuit, said feedback circuit including said 
resistances being predetermined to maintain the product 
of the open loop ‘gain and the feedback factor substan 
tially constant in different positions of said switch while 
changing the feedback factor to alter the overall ampli?er 
gain, a detector supplied with the output signal from said 
ampli?er and adapted to yield a correspondingly varying 
D.-C. output signal, and indicating means connected to 
the output of said detector. ‘ r 

10. Gaging apparatus which'comprises a variable dif 
ferential transformer having primary and secondary wind 
ings and movable means for varying the coupling there 
between in accordance with a part being gaged, means 
for energizing the primary of said differentiaTtransformer 
to yield an A.-C. output signal varying in amplitude with 
departure from the null position of said movable means, ‘ 
an amplifier for amplifying said output signal having a 
plurality of transistor stages connected in cascade, a nega 
tive feedback circuit connected from the output of one 
of said stages to the emitter of a preceding stage through 
a multiple-position range switch, said feedback circuit 
including a plurality of branches each having a series 
capacitor and a shunt resistance with the junction therebe-' 
tween connected to a respective position of said switch, 
the arm of said switch being connected to the emitter of 
‘said preceding stage whereby switching simultaneously 
changes the amount of feedback through said circuit and 
selectively inserts said resistances in the emitter circuit 
of said preceding stage to change the effective gain of said 
stage, said series capacitors and shunt resistances being 
predetermined to maintain the product of the open loop 
gain and the feedback factor substantially constant in 
different positions of said switch while changing the feed 
back factor. to alter the overall ampli?er gain, a detector 
supplied with the output signal from said ampli?er and 
adapted to yield a correspondingly varying DC, output 
signal, and indicating means connected to the output of 
said detector. 

11. Gaging apparatus which comprises a variable dif- ‘ 
ferential transformer having primary and secondary wind 
ings and movable means for varying the coupling therebe 
tween in accordance with a part being gaged, transistor 
oscillator means'for energizing the primary of said dif 
ferential transformer to yield an A.-C. output signal vary 
ing in amplitude with departure from the null position of 
said movable means, a control circuit supplied by said 
oscillator and adjustable to obtain an A.-C. correction sig 
nal of adjustable amplitude, circuit means for combining 
said correction and output signals, an ampli?er for ampli-' 
fying said combined signals including a plurality of tran 
sistor stages connected in cascade, a negative feedback 
circuit connected from the output of said ampli?er to the 
emitter of the input stage thereof through a multiple-V 
position range switch, said feedback circuit including a 
plurality of branches each having a series capacitor and '1‘! 
a- shunt‘ resistance with the junction therebetween‘connect-t' 1 
ed to a respective position of said switch, the arm of said» 
switch being connected to the emitter of said input stage 
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whereby switching simultaneously changes the amount of 
feedback through said circuit and selectively inserts said 
resistances in the emitter circuit of said input stage to 
change the effective gain of said stage, said series capaci 
tors and shunt resistances being predetermined to main 
tain the product of the open loop gain and the feedback 
factor substantially constant in different positions of said 
switch while changing the feedback factor to alter the 
overall ampli?er gain, a detector supplied with the out 
put signal from said ampli?er and adapted to yield a cor 
respondingly varying D.-C. output signal, and indicating 
means connected to the output of said detector. 

12. Gaging apparatus which comprises a variable dif 
ferential transformer having primary and secondary wind 
ings and movable means for varying the coupling there 
between in accordance with a part being gaged, said dif 
ferential transformer upon energization yielding an A.-C. 
output signal varying in amplitude with departure from 
the null position of said movable means, a pair of tran 
sistors each having a base, an emitter and a collector, 
the primary of said differential transformer being con 
nected between the collectors of said transistors, a power 
source connected to supply operating voltage between 
emitters and icolectors of respective transistors, a pair of 
resistances connected between respective emitters and one 
terminal of said power source, means for biasing the bases 
of said transistors, cross-coupling capacitors connected be 
tween the collectors and opposite bases of said transistors 
respectively, capacitive means for tuning the primary of 
said differential transformer to produce substantially si- u 
nusoidal oscillations at a desired oscillation frequency, 
said tuned primary ‘being the primary frequency-determin 
ing circuit for said oscillations, a variable resistance con 
nected in series with said power source and the collectors 
of said transistors for altering the amplitude of said oscil 
lations, a potentiometer connected between the emitters 
of said transistors for obtaining ‘an A.-C. correction signal 
of adjustable amplitude, circuit means for adding said 
correction signal to the output signal of the secondary of 
said differential transformer, means for tuning said sec 
ondary to resonate at a frequency near said oscillation 
frequency to thereby reject harmonics of said frequency 
in said correction signal, an ampli?er for amplifying said 
combined signals including a plurality of transistor stages 
connected in cascade, a negative feedback circuit con 
nected from the output of said ampli?er to the emitter of 
the input stage thereof through a multiple-position range 
switch, said feedback circuit including a plurality of 
branches each having a series capacitor and a shunt re 
sistance with the junction therebetween connected to a 
respective position of said switch, the arm of said switch 
being connected to the emitter of said input stage whereby 
switching simultaneously changes the amount of feedback 
through said circuit and selectively inserts said resistances 
in the emitter circuit of said input stage to change the 
effective gain of said stage, said series capacitors and shunt 
resistances being predetermined to maintain the product 
of the open loop gain and the feedback factor substantial 
ly constant in dilferent positions of said switch while 
changing the feedback factor to alter the overall ampli?er 
gain, a detector supplied with the output signal from said 
ampli?er and adapted to yield a correspondingly varying 
D.-C. output signal, and indicating means connected to 
the output of said detector. 

13. Gaging apparatus which comprises a variable differ 
ential transformer having primary and secondary wind 
ings and movable means for varying the coupling there 
between in accordance with a part being gaged, transistor 
oscillator means for energizing the primary of said differ 
ential transformer to yield an A.-C. output signal vary 
ing in amplitude with departures from the null position of 
said movable means, a transistor ampli?er for amplifying 
said output signal, a detector including a pair of circuits 
each having a pair of substantially unilaterally conduc~ 
tive devices connected in series, center-tapped means for 
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energizing said circuits in parallel from said oscillator 
means, said unilaterally conductive devices being poled 
to pass current in alternate circuits during alternate half 
cycles of the oscillations supplied thereto, a capacitor 
connected to the center tap of said energizing means, 
means for supplying the output of said ampli?er through 
said capacitor to said center tap, indicating means con 
nected between points of said circuits which are between 
the unilaterally conductive devices in respective circuits, 
a direct connection from one of said points to a ?xed ref 
erence potential and a capacitor connected from the other 
of said points to a ?xed reference potential. 

14. Gaging apparatus which comprises a variable 
differential transformer having primary and secondary 
windings and movable means for varying the coupling 
therebetween in accordance with a part being gaged, said 
differential transformer upon energization yielding an 
A.-C. output signal varying in amplitude with departure 
from the null position of said movable means, a pair of 
transistors each having a base, an emitter and a collector, 
the primary of said ditferential transformer being con 
nected between the collectors of said transistors, a power 
supply source, a pair of resistances connected between re 
spective emitters and one terminal of said power source, 
means for biasing the bases of said transistors, cross 
coupling capacitors connected between the collectors and 
opposite bases of said transistors respectively, capacitive 
means for tuning the primary of said differential trans 
former to produce substantially sinusoidal oscillations 
at a desired oscillation frequency, a transformer having 
a center-tapped primary and a center-tapped secondary, 
said primary being D.-C. connected between the collec 
tors of said transistors, a variable resistance connected 
between the other terminal of said power source and the 
center tap of said primary for adjustably energizing said 
collectors and thereby altering the amplitude of said 
oscillations, a transistor ampli?er for amplifying the out 
put signal of said differential transformer, a detector in~ 
eluding a pair of circuits each having a pair of diodes 
connected in series, connections from said transformer 
secondary to energize said pair of circuits in parallel, said 
diodes being poled to pass current in alternate circuits 
during alternate half-cycles of the oscillation frequency, a 
capacitor coupling the output of said ampli?er to the cen 
ter tap of said transformer secondary, indicating means 
connected between points of said circuits which are be 
tween the diodes in respective circuits, a direct connection 
from one of said points to a ?xed reference potential and 
a capacitor connected from the other of said points to 
said ?xed reference potential. 

15. Gaging apparatus which comprises a variable differ 
ential transformer having primary and secondary wind 
ings and movable means for varying the coupling there 
between in accordance with a part being gaged, said 
differential transformer upon energization yielding an 
A.-C. output signal varying in amplitude with departure 
from the null position of said movable means and of oppo 
site phase on opposite sides of the null, a pair of transis 
tors each having a base, an emitter and a collector, the 
primary of said differential transformer being connected 
between the collectors of said transistors, a power source, 
a pair of resistances connected between respective emit 
ters and one terminal of said power source, means for 
biasing the bases of said transistors, cross-coupling ca 
pacitors connected between the collectors and opposite 
bases of said transistors respectively, capacitive means 
for tuning the primary of said differential transformer to 
produce substantially sinusoidal oscillations at a desired 
oscillation frequency, a transformer having a center 
tapped primary and a center-tapped secondary, said pri 
mary being D.-C. connected between the collectors of said 
transistors, a variable resistance connected between the 
other terminal of said power source and the center tap of 
said primary for adjustably energizing said collectors and 
thereby altering the amplitude of said oscillations, a po 
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tentiometer connected between the emitters of said tran 
sistors for obtaining an A.-C. correction signal of adjust~ 
able amplitude, circuit means for adding said correction 
signal to the output signal of the secondary of said differ 
ential transformer, means for tuning said secondary to 
resonate at a frequency near said oscillation frequency to 
thereby reject harmonics of said frequency in said correc 
tion signal, an ampli?er for amplifying said combined 
signals including a plurality of transistor stages connected 
in cascade, a negative feedback circuit connected from 
the output of said ampli?er to the emitter of the input 
stage thereof through a multiple-position range switch, 
said feedback circuit including a plurality of branches 
each having a series capacitor and a shunt resistance with 
the junction therebetween connected to a respective posi 
tion of said switch, .the arm of said switch being connected 
to the emitter of said input stage whereby switching simul 
taneously changes the amount of feedback through said 
circuit and selectively inserts said resistances in the emit 
ter circuit of said input stage to change the effective gain 
of said stage, said series capacitors and shunt resistances 
being predetermined to maintain the product of the open 
loop gain and the feedback factor substantially constant 
in different positions of said switch while changing the 
feedback factor to alter the overall ampli?er gain, a 
detector including a pair of circuits each having a pair 
of diodes connected in series, connections from said trans 
former secondary to energize said pair of circuits in paral 
lel, ‘said diodes being poled to pass current in alternate 
circuits during alternate half-cycles of the oscillation fre 
quency, a capacitor coupling the output of said ampli?er 
to the center tap of said transformer secondary, indicat 
ing meansgconnected between points of said circuits which 
are between the diodes in respective circuits, a direct con 
nection from one of said points to a fixed reference po 
tential and a capacitor connected from the other of said 
points to said ?xed reference potential. 

16. Gaging apparatus which comprises a variable differ 
ential transformer having primary and secondary wind 
ings and movable means for varying the coupling there 
between in accordance with a part being gaged, means 
for A.-C. energizing the primary of said differential trans 
former to yield an A.-C. output signal from the second~ 
ary thereof varying in amplitude with departures from the 
null position of said movable means, a detector including 
a pair of circuits each having a pair of substantially uni 
laterally conductive devices connected in series, center 
tapped means for energizing said circuits in parallel from 
said A.-C. energizing means, said unilaterally conductive 
devices being poled to pass current in alternate circuits 
during alternate half-cycles of the oscillations supplied 
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thereto, a capacitor connected to the center tap of said 
energizing means, means for supplying the output of said 
differential transformer through said capacitor to said 
center tap, indicating means connected between points of 
said circuits which are between the unilaterally conduc 
tive devices in respective circuits, a direct connection from 
one of said points to a ?xed reference potential and at ca 
pacitor connected from the other of said points to a ?xed 
reference potential. 

'17. Gaging apparatus which comprises a variable differ 
ential transformer having primary and secondary wind 
ings and movable means for varying the coupling there 
between in accordance with a part being gaged, an oscil 
lator for energizing the primary of said differential trans 
former to yield an A.-C. output signal from the second 
ary thereof varying in amplitude with departures from 
the null position of said movable means and of opposite 
phase on ‘opposite sides of the null, an ampli?er for ampli 
fying the output of said differential transformer, a detec 
tor including a pair of’ circuits each having a pair of diodes 
connected in series, a center-tapped transformer for ener 
gizing said circuits in parallel from said oscillator means, 
said diodes being poled to pass current in alternate cir 
cuits during alternate half-cycles of theoscillations sup 
plied thereto, a capacitor coupling the output of said am 
pli?er to the center tap of said transformer, indicating 
means connected between points of said circuits which 
are between the diodes in respective circuits, a direct con 
nection from one of said points to- a ?xed reference poten 
tial and a capacitor connected from the other of said 
points to said ?xed reference potential. 
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